Breakthrough technologies which now enable the sequencing of individual genomes will irreversibly modify the way diseases are diagnosed, predicted, prevented and treated. For these technologies to reach their full potential requires, upstream, access to high-quality biomedical data and samples from large number of properly informed and consenting individuals and, downstream, the possibility to transform the emerging knowledge into a clinical utility. The Lausanne Institutional Biobank was designed as an integrated, highly versatile infrastructure to harness the power of these emerging technologies and catalyse the discovery and development of innovative therapeutics and biomarkers, and advance the field of personalised medicine. Described here are its rationale, design and governance, as well as parallel initiatives which have been launched locally to address the societal, ethical and technological issues associated with this new bio-resource. Since January 2013, inpatients admitted at Lausanne CHUV University Hospital have been systematically invited to provide a general consent for the use of their biomedical data and samples for research, to complete a standardised questionnaire, to donate a 10-ml sample of blood for future DNA extraction and to be re-contacted for future clinical trials. Over the first 18 months of operation, 14,459 patients were contacted, and 11,051 accepted to participate in the study. This initial 18-month experience illustrates that a systematic hospital-based biobank is feasible; it shows a strong engagement in research from the patient population in this University Hospital setting, and the need for a broad, integrated approach for the future of medicine to reach its full potential.
The potential of genomics to transform medicine
Sequencing the 3-billion base-pairs of an individual genome for less than 1000 CHF has now become reality. The first human genome was published in 2003. Four years later, a seminal study utilising a technology to analyse and interrogate a couple of million of common single nucleotide polymorphisms (SNPs) spread over the entire genome (i.e. genome-wide association studies, GWAS [1] ) was published. This article was soon followed by hundreds of such publications (http://www.genome.gov/gwastudies/index.cfm?pageid=26525384#searchForm) which have revealed a large number of new chromosomal regions associated with a broad range of medical conditions. Even more recently, new sequencing technologies have unravelled an abundance of rare, functional variants in the human genome, secondary to a recent explosive population growth [2] [3] [4] . In a particular series of experiments, sequencing the coding portion of 202 drug target genes in 14,002 individuals (including 3000 individuals from the Lausanne Steps where genomic information and large bio-resources can be used to help decision making and accelerate the process of discovery and development are shown in red. Target ID: target identification; FTIM = first time into man; PoC = proof-of-concept. Upper part of the chevron diagram adapted from [9] . area) revealed more than 11,000 amino-acid changing variants, with the vast majority of them (74%) being novel and present in only one or two individuals; moreover almost half of these rare variants were predicted to be functional with damaging effects on the gene product. In that sense, these rare variants generate "human knock-out/down" effects if they lead to loss or reduction of function of their gene product or if they have a dominant negative effect; conversely, they may lead to "human over-expressors" of the gene, in case of gain-of-function mutations or excessive gene transcription, for instance in the presence of large number of gene copies [5] . These rare "experiments by nature" represent a blessing for biomedical research [6] . They open up unprecedented opportunities to accelerate the discovery and the development of innovative therapeutics and biomarkers and, at term, to tailor medical interventions to the particular needs and the specific genetic make-up of individuals [7] . This potential is further accelerated when genetics is combined with electronic medical records or other sources of phenotypic data [8] . Bringing new drugs to the market obeys to a series of well-defined steps [9] , and shares many features in common with the discovery and development of innovative biomarkers [10] (fig. 1 ). The transition from one step to the next step depends on usually difficult-to-make go/nogo decisions, which are based on information which needs to be gathered using a variety of approaches. Human genetic information has already proved to be very instrumental in the discovery of new drug targets. Examples to illustrate this point are the observations that humans genetically deficient in CCR5 receptors are resistant to HIV infection, or that individuals lacking PCSK9 have low LDL-cholesterol levels and are protected from heart disease [11, 12] . These genetic observations on "human knock-out" have prompted the discovery of CCR5 inhibitors and PCSK9 inhibitors [13] , respectively. Further down the pipeline, statins (which up-regulate the LDL-receptor at the cell surface to accelerate the clearance of LDL particles) were originally tested and were shown to be effective (i.e. in proof of concept studies) on a small number of individuals who were genetically defective in half of their LDL receptors (i.e. heterozygous familial hypercholesterolemia). The commoditisation of large-scale exome and, soon, whole genome sequencing to detect carriers of rare functional mutations opens up the possibility to apply this paradigm to essentially any new therapeutic in development for chronic conditions, with the expectation to lead to shorter, faster and more decisive proof-of-concept studies. However, the problem is that given the fact that these mutations are rare, access to genomic data from large, or very large number of individuals is required. As is the case for new drugs, the discovery and development of innovative biomarkers becomes a long, expensive, bumpy and risky road going from the discovery of the biomarker to its validation and the demonstration that the marker brings clinical benefit (lower panel fig. 1 ) [10] . Finally, the prospect of personalising a therapy according to the genetic (or other biomarker) make-up of an individual (i.e. "the right drug at the right dose to the right patient") is undoubtedly attractive from a conceptual point of view, and has mostly permeated the oncology field. However, major efforts are to be made for personalised medicine to reach maturity and fulfil the expectations of the patients, society and industry [6] . In any case, there is no doubt that, once commoditised, high-throughput technologies capable of analysing the entire genome (i.e. genomics), the metabolic profile (metabolomics), and gene expression (transcriptomics) of a particular liquid or tissue sample, or the environment (exposomics), among other *omic approaches integrated into a "systems medicine" network [14] , will irreversibly modify the way diseases are diagnosed, predicted, prevented and treated.
The essential role of population engagement and large bioresources
For the full potential of these *omic technologies to be realised requires that they are "fed", upstream, with highquality data and samples from large number of properly informed, engaged, well-phenotyped and consenting individuals ( fig. 2 ). The roles of these technologies are to generate new biological data (like whole genome sequencing) and to store, manipulate and analyse these massive amounts of clinical and biological data (i.e. "Big Data") to create new medical knowledge. New knowledge doesn't necessarily mean clinical benefit, however. Robust evidence needs to be constructed to demonstrate the clinical utility of this new knowledge (i.e. clinical benefits for the patients, and for the society). To get there requires downstream of these technologies, the engagement of the population into clinical research and the willingness of the citizens to participate in clinical trials, which remain the necessary stepping stone to demonstrate their clinical utility, be it for new interventions or new biomarkers. Finally, keeping in mind that no new drug or biomarker has reached the market (and the patients) without the engagement of Role of bio-resources like BIL in catalysing translational research. Emerging *omic technologies (genomics, transcriptomics, metabolomics and others) require access to high-quality data and samples from large number of individuals engaged in research and properly consented for the use of their data and specimen. These technologies generate large amounts of data (i.e. Big Data), which are converted into new knowledge thanks to information technology (IT) and bio-informatics. For their clinical utility to be demonstrated, evidence needs to be built, using clinical research on engaged citizens and in partnership with other academic groups within the private sector. The perimeter of the BIL is illustrated using the green rectangle. CRC = clinical research centre.
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Swiss Med Wkly. 2014;144:w14033 private sectors, innovative public-private partnerships will need to be created to deliver novel ways to diagnose and treat diseases, and to monitor the effect of these interventions. The Lausanne Institutional Biobank (Biobanque Institutionnelle de Lausanne, BIL) was designed to harness the power of these emerging *omic technologies, and to facilitate selected steps in the discovery and development of new drugs and biomarkers and in the construction of personalised medicine. More specifically, a major ambition of the BIL is to "feed", upstream, these technologies with highquality data and samples, and transform, downstream, the new medical knowledge into benefits for the patients and the society (fig. 2 ).
The Lausanne Institutional Biobank (BIL): design and governance
The construction of large biobanks like the UK Biobank [15] , or smaller bio-resources like CoLaus [16] or the BIL (http://www.chuv.ch/biobanque) raises a series of issues which pertain, among others, to the recruitment of the patients, the access to high-quality medical and phenotypic data, the legal and ethical framework, the protection of private data, as well as funding and economical aspects ( fig. 3 ). The BIL investigators had already participated in the design, implementation and exploitation of the CoLaus Study and the Lausanne Oncology Biobank, and had already experienced that the local population was engaged and interested in participating in biomedical research. The BIL project was designed following extensive discussions with health care professionals and experts in biomedical sciences, ethicists and lawyers (more particularly within the frame of the new Law on Research in Humans and its Ordinances, which were enacted in January 1st, 2014), and after benchmarking with similar initiatives in the USA, UK and Asia. It received approval from the Ethics Com- Landscape of the Lausanne Institutional Biobank (BIL). Selected challenges associated with the construction of a bioresource like the BIL are listed on the left-hand side. Partners in addressing these challenges are listed on the right-hand side and the BIL and parallel projects are listed in the middle. GEGH = Groupe d'Experts sur le Génome Humain (http://www.vd.ch/ actualite/articles/experts-en-medecine-genomique/). SBP = Swiss Biobanking Platform, at the planning stage. An overview of the local activities on the societal aspects of genomic medicine, ethics, privacy protection and personalised medicine is provided in references [17] [18] [19] and [7] . mittee of the Vaud Canton in October 2012. Upon launching of the BIL project, three parallel initiatives were started in the Lausanne area, sponsored by the local government and the UNIL University (i.e. the creation of an Expert Group in Genome Sciences (GEGH, http://www.vd.ch/actualite/articles/experts-en-medecine-genomique/)) [17] and research projects on the ethical aspects of the BIL General Consent [18] , and on privacy protection [19] . In parallel, a project is under construction for a Swiss National Biobanking Platform (SBP), under the auspices of the Swiss National Science Foundation, at the interface with the five University Hospitals in Switzerland, the ETH domain and the other Swiss Universities. The initial phase of the BIL project, which has been identified as a key strategic priority by the CHUV Hospital (http://www.chuv.ch/ chuv_planstrat201418.pdf), the Lausanne University and the Vaud Ministry of Health and Social Welfare, has been funded jointly by these former two institutions for 2014-2015. Upon careful evaluation, it has recently been decided that the Biobank shall be integrated with the Clinical Research Centre and a dedicated IT group, into the newly created and funded Platform to Support Clinical Research at CHUV/UNIL. The design of the BIL is conceptually simple. Each patient admitted for hospitalisation in the CHUV University Hospital, is informed about the project and is invited to sign the General Consent for research, to complete a standardised questionnaire and to donate a 10-ml blood sample for future DNA extraction, and consent for future contacts. The General Consent (http://www.chuv.ch/biobanque/ bil_home/bil-patients-famille/bil-participer/bille_consentement_general.htm) was developed to facilitate the engagement of participants in clinical research. Individuals consent for the broad use of their biomedical data for research, without having to be re-contacted and re-consented for new projects, as long as these projects have been approved by the local Ethics Committee. In addition, they consent for their genome to be fully sequenced in the future, and accept or not to be re-contacted in case clinically actionable mutations were to be found once their genome had been sequenced, and for future clinical research. They are invited to complete a questionnaire, with standard questions related to their personal history, their family history, and phenotypic variables. Given the new Law on Research on Humans, each patient needs to be informed personally and to provide written consent (i.e. "opt-in" recruitment). A team of dedicated nurses, medical assistants and research personnel has been specifically hired and trained for these tasks. A 10-ml blood sample is collected, usually on the second day of admission, in fasting conditions, in the wards. The blood is transported to the lab where it is spun, generally within 1 hour upon collection. Plasma is isolated and aliquoted into 3 0.5 ml tubes, which are stored at -80°C. Similarly, the buffy coat is isolated and split into two aliquots, stored in two separate -80°C freezers for future DNA extraction. A specific biobanking software has been developed for the annotation of the patient's willingness to participate in research and recording and monitoring of samples type and availabilities.
The strategic direction of the BIL, and the newly created Platform it is part of, is supervised by a Steering Group chaired by the Dean of the Biology and Medical School, and senior representatives from UNIL and CHUV Direction and Department Heads. This group oversees the activity of the BIL operating board. It is also in charge of prioritising which studies will be used as pilots to demonstrate the use of the platform (see below), and to ensure that funding is properly used. A separate board, made of patient's representatives, is under construction. Recruitment was launched on January 7th, 2013. Within the first eighteen months (i.e. up to June 30th, 2014), a total of 14,459 patients were contacted and invited to participate in the project, with 11,051 patients consenting to be part of the BIL (i.e. a participation rate of 76%). The basic characteristics of these participants are described in table 1. Experience so far indicates that the approach, which was designed to have the General Consent presented to all inpatients by an independent team of recruiters, provides a significant benefit to the patients, who are better informed about what clinical research means, it facilitates the work of the investigators and diminishes the risk of conflict of interest that investigators may have. The ambition of the BIL is to continue the recruitment at a rate of 10,000 patients per year.
The Lausanne Institutional Biobank (BIL): perspectives and opportunities for research
Along the same strategy which underlined the creation of the Swiss HIV Cohort Study, CoLaus (http://www.colaus.ch/en/cls_home/cls_pro_home/ cls_pro_publications.htm) or other biobanks, the BIL is constructed to facilitate translational and clinical research for a variety of investigators locally and regionally. Differ- (table 2) . These project pertain to the use of biological samples for independent validation of biomarkers, for detailed *omic analyses of selected samples and for enrolment of specific patients into future clinical trials. In parallel, activities have been envisioned with the other Faculties at the Lausanne University, for a global approach to new medicine, with partners at the local (EPFL), regional (University of Geneva) and national level (Swiss Biobanking Platform), for the optimal exploitation of the BIL bioresource. In addition, creative partnerships are envisioned between this publicly funded initiative and private partners, as a way for "genomic revolution" to benefit the patients and the population.
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Figure 1
Chevron diagrams showing the various steps which lead to the discovery and development of new drugs (upper panel) and biomarkers (lower panel).
Steps where genomic information and large bio-resources can be used to help decision making and accelerate the process of discovery and development are shown in red. Target ID: target identification; FTIM = first time into man; PoC = proof-of-concept. Upper part of the chevron diagram adapted from [9] .
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Figure 2
Role of bio-resources like BIL in catalysing translational research. Emerging *omic technologies (genomics, transcriptomics, metabolomics and others) require access to high-quality data and samples from large number of individuals engaged in research and properly consented for the use of their data and specimen. These technologies generate large amounts of data (i.e. Big Data), which are converted into new knowledge thanks to information technology (IT) and bio-informatics. For their clinical utility to be demonstrated, evidence needs to be built, using clinical research on engaged citizens and in partnership with other academic groups within the private sector. The perimeter of the BIL is illustrated using the green rectangle. CRC = clinical research centre.
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Figure 3
Landscape of the Lausanne Institutional Biobank (BIL). Selected challenges associated with the construction of a bio-resource like the BIL are listed on the left-hand side. Partners in addressing these challenges are listed on the right-hand side and the BIL and parallel projects are listed in the middle. GEGH = Groupe d'Experts sur le Génome Humain (http://www.vd.ch/actualite/articles/experts-en-medecine-genomique/). SBP = Swiss Biobanking Platform, at the planning stage. An overview of the local activities on the societal aspects of genomic medicine, ethics, privacy protection and personalised medicine is provided in references [17] [18] [19] and [7] .
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